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Preface

The model investigation reported herein was authorized by Headu
U.S. Army Corps of EAgeers, on 20 March 1991, at the reqst of the
U.S. Army Engineer District, New Orleans. The model test were acmom-
plished during the period October 1991 to April 1993 by personnel of the
Hydraulics Laboratory (HL) of the U.S. Army Engineer Waterways Experi-
ment Station (WES) under the general supervision of Messrs. F. A.
Herrmann, Jr., Director, HL; R. A. Sager, Assistant Director, HL; and G. A.
Pickerin& Cbief of the Hydraulic Structures Division, HI Tests were con-
ducted by Messrs. R. Davidson, V. Stewart, Sr., and J. Cesma, and Dr. J. E.
Hite, Jr. of the Locks and Conduits Branch, Hydraulic Structures Division,
under the supervision of Mr. J. F. George, Chief, Locks and Conduits Branch.
This report was prepared by Dr. Hite.

The model components were constructed and assembled by
Messrs. V. Stewart, Sr., J. Myrick, J. Montgomery, and 1. Cessna of the Locks
and Conduits Branch; and Messrs. M. Simmons, J. Lyons, E. Case, and
C. H. Hopkins of the WES Engineering and Construction Services Division
(E&CSD). The model was constructed under the supervision of Mr. S. J.
Leist, Chief of the Model Shop, E&CSD. Pipe work for the model was pro-
vided by Messrs. K. K. Raner, J. E. Townsend, and M. E. Anderson, E&CSD,
under the supervision of L Taylor, Chief of the Pipe Shop, E&CSD. General
Construction of the model was completed by D. Barnes, Jr., D. Beausoliel,
C. Brown, H. Brown, J. Carpenter, A. Harris, W. Thomas, C. Wilson, and
K. Chiplin, E&CSD, under the supervision of C. Drayton, Model Construction
Section, E&CSD, and T. Lee, Jr., Chie, Model Construction Section, E&CSD.

Director of WES during the preparation of this report was Dr. Robert W.
Whalin. Commander was COL Bruce K. Howard, EN.
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Conversion Factors, Non-SI to
SI Units of Measurement

Non-S units of meaurement used in this report can be converted to Sl units
as follows:

M~u~liplB "To btan

eiet 0.02831665 cubic metars

toot 0.3046 .maoss

mies (U.S. gmh&) t.60M7 inInei4,

pounds (ms) 0.453834 Id
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1 Introduction

The Diversion

The proposed Comite River Diversion Project was designed to lower flood
stages along the Comite and Amite Rivers by diverting Comite River flood
flows to the Mississippi River. The original plan consisted of four major
features:

a. Comite River stage control structure and levee.

b. Diversion structure.

c. Diversion channel.

& Diversion channel stage control structure (DCSCS).

The proposed diversion channel consisted of a land cut from the Comite
River to existing channels of Lilly and Cooper Bayous and Profit Island Chute,
(Figure 1). The diversion begins on the west bank of the Comite River and
runs generally west between the towns of Baker and Zachary, LA, to the head
of Lilly Bayou.

The original Comite River diversion plan was designed to operate in the
following manner. The Comite River stage control structure and levee pro-
vided the stages necessary to divert flow through the diversion. Low flows on
the Comite River were discharged through culverts in the Comite River stage
control structure until a stage of 76.0 ft' 2 upstream of the structure was
exceeded. When stages exceeded 76.0 ft upstream from the Comite River
stage control structure, some of the inflow was diverted through the diversion
channel to the diversion structure. The diversion structure controlled the
amount of flood flows diverted. The weir crest of the diversion structure was
76.0 ft. When stages upstream of the Comite River stage control structure

A table of factors for converting non-Sl units of measrements to Si units is found on

pes V.2 All elevations (el) cited herein are in feet rfened to the National Geodetic Vertical Datum

(NGVD).
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exceeded 77.2 ft, flow over the Comite River stage control structure weir
began. Once stages upstream of the Comite River stage control structure
exceeded 86.5 ft, some Comite River flow began discharging over the spillway
located in the containment levee. The levee ties in with the Comite River
stage control structure and diversion structure. The DCSCS was located down-
stream from the diversion structure and controlled the stages and velocities in
this portion of the diversion channel.

Purpose and Scope of Model Investigation

Model studies were necessary to verify the diversion flows and to evaluate
the hydraulic performance of the Comite River stage control structure, the
diversion structure, and the DCSCS, and optimize these designs. This included
determining the discharge rating curves and adequacy of the stilling basins.

3



2 The Models

Description

The 1:36-scale model of the Comite River diversion rerroduced approxi-
mately 1,330 ft of the Comite River channel upstream from dhe diversion and
1,630 ft of the channel downstream from the diversion (Figure 2). The model
layout is shown in Plate 1. The entrance and exit channels for the Comite
River stage control structure were reproduced (Plate 1), but were blocked off
for the initial tests. Approximately 1,500 ft of the approach channel to the
diversion structure was reproduced with an invert elevation of 71, and 600 ft
of the exit channel was reproduced with the channel invert at el 45. The origi-
nal design uncontrolled weir section of the diversion structure at el 76.0 was
not reproduced for the initial tests. A 350-ft-long section of the overflow
spillway in the containment levee was also reproduced, as shown in Plate 1.
The model was molded in sand and cement mortar to sheet metal templates.

The 1:25-scale model of the DCSCS (type 1 DCSCS) reproduced approxi-
mately 270 ft of topography upstream and 600 ft of topography downstream
from the trapezoidal shaped weir (Figure 3). This model was also molded in
sand and cement mortar to sheet metal templates. A plan view of the original
design DCSCS (type 1 DCSCS) is shown in Plate 2. A 1:36 scale of the
DCSCS was also constructed (type 2 DCSCS). This model reproduced ap-
proximately 370 ft of topography upstream and 1,000 ft of topography down-
stream from the trapezoidal shaped weir (Figure 4). This model was also
molded in sand and cement mortar to sheet metal templates.

Model Appurtenances

Water used in operation of the model was supplied by a circulating system.
Discharges in the 1:36-scale model were measured with paddle wheel flow
meters installed in the inflow lines. Discharges down the Comite River were
determined using a rectangular weir located in a channel that returned water to
the sump. Discharges in the 1:25-scale model were measured with venturi
meters installed in the inflow lines, which were baffled when entering the
model. Water-surface elevations were measured with point gages, and

4 Chapeir 2, "r. Mtol.



a. General view of diversion

EXIT CHANNEL FOR

THE COMITE RIVER
STAGE CONTROL STRUCTURE

I. DOFF

b. Looking downstream at Comde River

Figure 2. 1:36-scale model of Comite River diversion (Continued)
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c. Looking upstream at diversion channel

d. Close-up looking downstream at diversion structure

Figure 2. (Concluded)
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a. Looking downstream

b. Looking upstream

Figure 3. 1:25-scale model of original design DCSCS (Continued)
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c. Side view

Figure 3. (Concluded)
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a. Looking downstream

", Mi

b. Looking upstream

Figure 4. 1:36-scale model of type 2 DCSCS (Continued)
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c. Sis view

Figure 4. (Concluded)
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velocities were measured with a propeller type meter mounted to permit mea-
surements at any horizontal direction and depth. The tailwater was maintained
at the desired depth by means of an adjustable tailgate. Dye and confetti were
used to study subsurface and surface current directions. Various flow condi-
tions were recorded photographically.

Scale Relations

The accepted equations of hydraulic similitude, based on the Froudian
relations, were used to express mathematical relations between the dimensions
and hydraulic quantities of the model and prototype. General relations for the
transfer of the model data to prototype equivalents, or vice versa, are presented
in the following tabulation:

seab RelsUOM
Modt:Prolftm

Chmastudlo Dimensions 1:25 1:36

Lnogh L, = L 1:25 1:36

Area A. - 1:625 1:1.296

Veob cv,. VL 1:5 1:6

Olachrge- ir 1:3,125 1:7,776

Volume V. = L 1:15.625 1:46,656

WeiWht W. _ _. _ 1:15,625 1:46,66

Time T, -L, 15 1:6

'Dinwsion. me In twme of ksgUh.

Because of the nature of the phenomena involved, certain model data can be
accepted quantitatively, while other data are reliable only in a qualitative sense.
Measurements in the model of discharges, water-surface elevations, velocities,
and resistance to displacement of riprap material can be transferred quantita-
tively from model to prototype using the preceding scale relations.

Chophr 2 The Modsm



3 Tests and Results

1:25-Scale Type I DCSCS

Weir rang curve

Initial tests were conducted to determine the discharge rating curve for the
132.6 ft-long weir. The curve is shown in Plate 3 along with the discharge
rating curve computed for the original design weir. Ihe tailwater rating curves
for the channel downstream from the structure are also shown in Plate 3. Tlhe
measured head on the weir was less than computed. With a discharge of
25,800 cfs, which is the 500-year frequency flow event at the diversion struc-
ture, the head was 2.5 ft lower than the predicted head for this discharge.

Tests were conducted next to observe and document the flow conditions
with the type 1 DCSCS for discharges of 6,150, 12,700, and 25,800 cfs.
These flows represent the 2-, 10-, and 500-year frequency flow events in the
diversion channel without additional inflow between the diversion structure and
the DCSCS.

DMeharge 6,150 so

Flow conditions with a discharge of 6,150 cfs and tailwater elevations of
41.5 and 47 are shown in Photos la and lb, respectively. These tailwater
elevations represent low and high stages on the Mississippi River. Energy
dissipation in the stilling basin was poet due to flow concentrating in the
center of the basin.

The average horizontal components of velocity measured throughout the
depth of flow upstream and downstream from the weir with a discharge of
6,150 cfs and a tailwater elevation of 41.5 (low Mississippi River) are shown
in Plates 4 and 5. The average velocities shown in Plate 5, and the subsequent
plates (6, 8, 9, 11, and 12) of velocities in the exit channel, indicate the pre-
dominant direction (upstream or downstream) and average magnitude of the
unsteady flow observed in the exit chamel. Velocities greater than 30 ft/sec
were measured 75 ft downstream from the crest, as shown in Plate 5. Veloci-
ties between 4.8 and 11.7 ft/sec were measured near the bottom along the side

12 CW*hw S Tes wrd Rssdb



slopes between the end of the stilling basin and 100 ft downstr~am from the
end of the stilling basin. The difference in velocity between the center and
sides of the downstream channel indicates poor performance of the stilling
basin. The velocities measured with a tailwater elevation of 47 (high
Mississippi River) and a discharge of 6,150 cfs are shown in Plate 6. These
velocities also indicate nonuniform flow downstream from the stilling basin.

Discharge 12,700 cfs

Flow conditions with a discharge of 12,700 cfs are shown in Photos 2a
and 2b. Flow entering the stilling basin with a tailwater elevation of 45.8
(Photo 2a) concentrated in the center of the basin, resulting in poor energy
dissipation and high-velocity, nonuniform flow in the downstream channel.
Strong eddies were present in the basin with the high tailwater (el 50.8), which
concentrated the flow in the center of the basin.

Velocities measured upstream and on the crest with a discharge of
12,700 cfs are shown in Plate 7. Velocities with a discharge of 12,700 cfs and
a tailwater elevation of 45.8 are shown in Plate 8. T"he high velocities and
nonuniform flow in the channel downstream from the stilling basin were not
desirable. The velocities measured with a tailwater elevation of 50.8 are
shown in Plate 9.

Discharge 25,800 cfs

Tests were conducted next with a discharge of 25,800 cfs. Flow conditions
with a discharge of 25,800 cfs are shown in Photos 3a and 3b. Flow entering
the stilling basin for both tailwaters was concentrated in the center of the basin
and again resulted in poor energy dissipation and high-velocity, nonuniform
flow in the downstream channel. The higher tailwater caused strong and
intense eddies in the basin, which concentrated the flow in the center of the
basin.

Velocities measured upstream and on the crest are shown in Plate 10.
Velocities measured with a tailwater elevation of 52.0 are shown in Plate 11.
The velocities measured downstream from the basin were excessive. The
velocities measured with tailwater el 56.3 are shown in Plate 12.

Performance of the original design stilling basin was poor even with low
discharges. The performance deteriorated with increasing discharges. The
sloping sidewalls and narrow bottom width caused the flow to concentrate in
the center of the basin and release high-velocity, nonuniform flow on the
downstream channel. This combination would cause severe scour in the
downstream channel.

13
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1:36-Scale Type 2 DCSCS

Due to the poor peformance of the 1:25-scale type 1 DCSCS, the spillway,
stilling basi, and exit channel were changed and the model was rebuilt at a
1.36 scale. The change in scale allowed more exit channel to be modeled
without moving to another flume. The 1:6-scale model was adequate to
investigate the hydraulic performance of the structure and determine exit chan-
nel velocities. The 1:36-scale model was designated the type 2 DCSCS. A
plan view of the model layout for the type 2 DCSCS is shown in Plate 13.
The discharge rating curve obtained for this model matched the curve shown in
Plate 3, and should have since the weir design did not change from the type 1
DCSCS.

Tests were conducted for discharges of 7,890, 14,500, and 33,400 cfs.
These flows represent the 2-, 10-, and 300-year frequency flow events at the
DCSCS. The previous tests with the type 1 DCSCS were conducted with 2-,
10-, and 500-year frequency flow events at the diversion structure and did not
include tributary inflow between the diversion structure and the DCSCS.

Discharge 7,890 cf

Flow conditions with a discharge of 7,890 cfs are shown in Photo 4.
Photo 4a shows flow conditions with a tailwater elevation of 42, which repre-
sents a low Mississippi River condition. The flow conditions in the exit chan-
nel were not symmetrical. The flow concentrated along the right side of the
exit channel with circulating flow present along the left side of the channel.
The excess tailwater depth caused the jet flow on the spillway face to ride
toward the surface. This resulted in higher velocities near the surface, reduced
energy dissipation, and flow concentrating to one side of the exit channel. The
average horizontal components of velocity measured throughout the depth of
flow upstream, on the crest, and downstream from the weir with a discharge of
7,890 cfs and a tailwater elevation of 42.0 are shown in Plates 14 and 15.
Due to time constraints, fewer velocity measurements were taken than during
the tests with the type 1 DCSCS. The velocities downstream from the crest
(Plate 15) indicate nonuniform flow in the exit channel. The velocities were
measured using a propeller type velocity meter that averages the readings over
a designated time period. Typically, this time period ranges from 10 to 30
seconds in the model.

Flow conditions with a discharge of 7,890 cfs and tailwater el 47 are shown
in Photo 4b. This tailwater elevation represents a high Mississippi River.
Again, flow conditions in the exit channel were not symmetrical and more
downstream flow was observed along the right side of the channel. The toe of
the jump (Photo 4b) was more uneven across the spillway with the higher
tailwater due to more flow on the sloping sidewalls inside the basin. Veloci-
ties measured downstream from the crest with a discharge of 7,890 cfs and
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tailwater el 47.0 are shown in Plate 16. 1c velocities downstream e slightly
lower than those measured with the lower tailwater elevation.

Dbshage 14,0 o

Flow conditioms with a disicharge of 14,500 cfa and a tailwater elevation of
47 are shown in Photo 5a. The flow concentrated along the right half of the
channel, and a large eddy framed in the stilling basin on the right side. Ile
flow in the left side of the basin was almost stagnant. Circulating flow
occurred along the left side of the exit channel downstream from the stilling
basin. Velocities measured throughout the depth of flow upstream and on the
crest are shown in Plate 17. Velocities measured downstream from the weir
with a discharge of 14,500 cfs and a tailwater elevation of 47.0 are shown in
Plate 18. The velocities indicate nonuniform flow in the exit channel with the
higher velocities near the surface.

Flow conditions with a discharge of 14,500 cfs and a tailwater elevation of
52.0 are shown in Photo 5b and were similar to those with the lower tailwater
elevation. The flow concentrated along the right side of the channel, and a
large eddy was also observed in the stilling basin on the right side. The flow
in the left side of the basin was in an upstream direction. Circulating flow
occurred along the left side of the exit channel downstream from the stilling
basin. Velocities measured downstream from the weir with a discharge of
14,500 cfs and a tailwater elevation of 52 are shown in Plate 19.

Dhsharg 33,400 ct

Flow conditions with a discharge of 33,400 cfs and a tailwater elevation of
52.5 are shown in Photo 6a. The flow patterns were similar to those with the
10-year frequency discharge and low tailwater (compare Photos 5a and 6a).
le flow concentrated along the right side of the channel downstream from the

stilling basin, and a large eddy formed on the right side of the stilling basin.
Velocities measured upstream, on the crest, and downstream from the weir
with a discharge of 33,400 cfs and a tailwater el of 52.5 are shown in
Plates 20 and 21. Velocities were higher near the surface. A velocity of
6.2 ft/sec, measured near the bottom on the right side of the channel 581 ft
downstream from the toe of the spillway, was tie highest bottom velocity
measured in the exit channel for the discharges and tailwater conditions tested.

Flow conditions with a discharge of 33,400 cfs and a tailwater elevation of
57.5 are shown in Photo 6b. The flow again concentrated along the right half
of the channel, and large eddies formed adjacent to the stilling basin. Cir-
culating flow was present in the left side of the exit channel downstream from
the stilling basin. Velocities measured downstream from the weir with a dis-
charge of 33,400 cfs and a tailwater elevation of 57.5 are shown in Plate 22.

Chpiw 3 Teft aid Ret 15



Performance of the type 2 DCSCS was much improved over the original
design. Energy dissipation in the basin was better, and velocities near the
bottom in the exit channel were much lower than observed with the original
design. However, additional modifications were made in an effort to further
improve the performance of the type 2 DCSCS.

Type 2 DCSCS with Modifications

Type 3 weir

Tests were conducted to determine the effect of installing a 4-ft-high
inverted V at the center of the spillway. This modification was intended to
direct more flow to the sides of the spillway and reduce the flow concentration
in the center of the spillway and stilling basin. Since this modification also
changed the weir design, it was designated the type 3 weir (Plate 23). The
type 3 weir improved spillway and stilling basin performance for flows less
than and equal to the 2-year frequency events. Flow conditions with the
type 3 weir are shown in Photo 7 for the 500-year frequency discharge of
33,400 cfs with high and low tailwaters. Flow was still concentrated in the
center of the basin, and flow in the exit channel was not uniformly distributed.
The inverted V was not effective for the large discharges.

Type 2 exit channel

The topography in the vicinity of the spillway and stilling basin was then
modified to try to eliminate the strong eddies that formed in these areas. This
modification was designated the type 2 exit channel (Plate 24). A bench was
placed at el 57, and the topography sloped from this bench to the edges of the
spillway and stilling basin and the toe of the exit channel. This modification
eliminated some of the flow area adjacent to the spillway and stilling basin in
hopes of reducing the concentrated flow in the structure. The type 2 exit
channel along with the type 3 weir improved conditions for flows up to the
10-year frequency event (14,500 cfs). Strong eddies still formed adjacent to
the spillway for the 500-year frequency flow, and flow in the exit channel was
not uniformly distributed.

Since the inverted V was shown to be ineffective in distributing the flow
uniformly over the spillway for the larger discharges (and may have added
significantly to the structure cost), the U.S. Army Engineer District, New
Orleans, directed that additional tests be conducted with vertical walls placed
along the edges of the spillway and stilling basin. The vertical walls were
tested to determine if the walls would keep the spillway jet on the floor of the
spillway and stilling basin. The original design spillway and stilling basin
without wails on the edges caused the jet to lift from the floor of the spillway,
which reduced the energy dissipation in the stilling basin. Also, spillway
approach walls were necessary to guide the flow into the spillway and reduce

16 chwap 3 Teas and Resuts



the contraction at the abutment. The approach walls also made the vertical
walls on the spillway edges more effective. The New Orleans District indi-
cated that the spillway approach walls could not significantly affect the dis-
charge rating curve determined for the type 1 DCSCS. The discharge rating
curve for the type I DCSCS was used to determine the desired flow distribu-
tions for the Comite River and diversion channel, and any change would affect
these distributions.

Type 2 and 3 approach walls, type 2 spillway walls

The type 2 approach walls had been considered during tests of the original
1:25-scale model of the DCSCS and consisted of maintaining the same geo-
metry of the trapezoidal shaped weir, but reducing the weir length by 32 ft.
These walls were not tested after the rating curve determined with the original
design was found to be acceptable. The type 3 approach walls shown in
Plate 25 were tested with 10-ft-high spillway walls (type 2 spillway walls).
The discharge rating curve obtained with the type 3 approach walls indicated
the head on the weir increased too much from the type 1 design.

Type 4 approach walls, type 3 spillway and stilling basin walls

The type 4 approach walls consisted of two straight walls connected by a
curved wall with an 8-ft radius (Plate 25). The New Orleans District indicated
the height of the spillway walls could be increased from 10 to 15 ft and also
walls could be placed along the edges of the stilling basin. The 15-ft-high
spillway and stilling basin walls were designated the type 3 spillway and still-
ing basin walls. Flow conditions in the spillway and stifling basin were im-
proved with the type 4 approach walls and the type 3 spillway and stilling
basin walls. However, the discharge rating was not acceptable. The discharge
rating curve obtained with the type 4 approach walls is shown in Plate 26
along with the type 1 curve.

Type 5 and 6 approach walls

The type 5 approach walls (Plate 27) were similar to the type 4 with two
straight wall sections connected by a curved wall with an 8-ft radius. Again,
the discharge rating curve obtained with the type 5 approach wall was not
acceptable. This curve is shown in Plate 26. The type 6 approach walls
(Plate 27) consisted of a large curved wall with a 58-ft radius that began at
el 76, the top of the weir, and tied in to the type 3 spillway walls 60 ft down-
stream from the crest at el 57.0. The discharge rating curve for this design
shown in Plate 26 was considered acceptable. Water-surface profiles measured
along the left and right sides of the type 6 approach walls with a discharge of
33,400 cfs and high tailwater (el 57.5) are shown in Plate 28.

Chapter 3 Tess and Resufts 17



Type 3 exit channel

The topography in the exit channel was then modified (Plate 29) to improve
flow conditions. This modification was noted as the type 3 exit channel. The
topography adjacent to the spillway and stilling basin sloped from the bench at
el 57 to the top of the 15-ft-high spillway and stilling basin walls instead of
the bottom of the wall as with the type 2 exit channel. Flow conditions in the
spillway and stilling basin were acceptable with the type 6 approach walls,
type 3 spillway and stilling basin walls, and the type 3 exit channel. Flows in
the exit channel were still not uniformly distributed; however, they were much
improved over the design without spillway and stilling basin walls.

Final Design

The type 6 approach walls, type 3 spillway and stilling basin walls, and the
type 3 exit channel improved flow conditions to an acceptable level up to the
100-year frequency event (28,100 cfs). These modifications are shown in
Plate 29 and Figure 5. Discussions between the U.S. Army Engineer Water-
ways Experiment Station, the U.S. Army Engineer Division, Lower Mississippi
Valley, and the New Orleans District personnel led to the conclusion that to
improve the performance for events greater than the 100-year frequency would
require significant structural modifications (i.e., higher vertical sidewalls),
which would be too costly for the project. Those involved with the model
study were confident that the structure would pass any anticipated event with-
out failure of the structure itself. However, for extreme events some
maintenance may be required.

Velocities were obtained for the 2-, 10-, 50-, and 100-year frequency flow
events and low tailwater at the end of the stilling basin and 250 ft downstream
from the end of the basin with the final design to determine the performance
of the stilling basin. These velocities, shown in Plates 30-33, will be used by
the New Orleans District to evaluate riprap requirements in the exit channel.
Flow conditions with the final design and the 2-, 10-, and 100-year frequency
flow events are shown in Photos 8-10.

Performance of the diversion channel stage control structure with the type 6
approach walls, type 3 spillway and stilling basin walls, and type 3 exit chan-
nel was considered acceptable. Bottom velocities measured 250 ft down-
stream from the end of the stilling basin were in excess of 9 ft/see for the
50-year frequency flow. The exit channel riprap should be designed to remain
stable for this type of flow. Flow in the exit channel was still not uniformly
distributed; however, adequate riprap protection should help prevent damaging
scour.

18 Chapter 3 Tests and Results



Figure 5. Type 2 DCSCS with type 6 approach walls, type 3 spillway and
stilling basin walls, and type 3 exit channel, looking downstream

Type 1 Diversion

Initial tests in the Comite River diversion model were conducted without
the Comite River stage control structure and the uncontrolled weir of the
diversion structure in place. These tests were conducted to determine the flow
distribution without these structures in the model. The desired flow distri-
butions furnished by the New Orleans District with the Comite River stage
control structure and the diversion structure in place is shown in Table 1. The
desired flow distribution for the 100-year frequency flow (45,800 cfs) was
52 percent of the flow through the diversion channel and 48 percent of the
flow through the Comite River.

Tests were conducted to determine the sensitivity of the diversion of flow
to changes in Comite River stages between the 2- and 25-year frequency flow
events. The flow distributions for selected discharges with downstream stages
on the Comite River set between 72.5 and 78.0 ft are shown in Table 2. The
tailwater for the diversion structure was maintained below the invert of the
original approach channel (el 71). Test results indicated the downstream stage
on the Comite River, measured 1,240 ft downstream from the diversion,
affected the amount of flow through the diversion channel.
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The rating curve for the Comite River shown in Plate 34 was provided by
the New Orleans District Initial tests were conducted to determine the flow
through the diversion channel with the total inflow and stages on the Comite
River upstream from the diversion set according to this rating curve. Results
of these tests are shown in Table 3. During these tests, the tailwater in the
diversion exit channel was maintained below the invert of the approach chan-
nel. Tailwater elevations above the invert would have reduced the flow
through the diversion channel. After discussions with the New Orleans
District, it was decided these tests were not appropriate. The discharge and
stage relationship in Plate 34 for the Comite River should have been set
downstream from the diversion.

The method to set the correct flow conditions was an iterative procedure
consisting of setting the total inflow and estimating a downstream stage on the
Comite River. The discharge on the Comite River downstream from the diver-
sion was then determined for this downstream stage and compared to the
Comite River rating curve shown in Plate 34. If the stage and discharge
readings did not match, the downstream stage on the Comite River was
adjusted until the discharge and stage measured downstream from the diversion
matched the rating curve shown in Plate 34. The flow distributions determined
from this procedure are shown in Table 4. The diversion flow was less than
desired with 45 percent of the flow being diverted for the 100-year frequency
event in Table 4 compared to 52 percent originally desired by the New Orleans
District for the same event shown in Table 1. These tests were also conducted
with no tailwater effect on the diversion structure.

The initial tests indicated that without structures and the stage-discharge
relationship downstream from the diversion (Plate 34), less flow was diverted
through the diversion channel than the desired distribution with the structures
in place. However, the tests indicated the desired distribution could be
achieved by modifying the geometry of the diversion channel and diversion
structure, thereby eliminating the need for the Comite River stage control
structure. The diversion entrance used in the model tests without the structures
performed poorly. The Comite River flow separated from the right bank up-
stream from the diversion, and an eddy formed in the entrance. There was
concern that sediment would deposit in this area. After discussions with the
Lower Mississippi Valley Division and the New Orleans District, it was
decided since both sediment and water will be diverted, the location of the
entrance needs to remain the same and changes to the geometry of the entrance
would be made to improve the performance.

The proposed original design diversion contained control structures on the
Comite River and the diversion channel. The crest of the weir type structure
proposed for the diversion channel was at el 76 and the invert of the diversion
channel was at el 71. The diversion channel transitioned from an invert eleva-
tion of 71 to an invert elevation of 45 at the location shown in Plate 1. The
diversion structure referred to in the following paragraphs was the channel
invert transition unless otherwise noted.
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Initially, the tailwater rating curves furnished by the New Orleans District
for the proposed diversion structure with weir crest at el 76 were those shown
in Plate 35. The previous model tests of the type I diversion were conducted
with no tailwater effect on the diversion structure. Tests were conducted with
tailwater el 82 (Feasibility Analysis curve in Plate 35) set downstream from
the diversion structure with a 100-year frequency total inflow of 45,800 cfs
(20,800 cfs through the diversion channel). The diverted flow was determined
to be 43 percent of the total inflow compared to 45 percent with no tailwater
effect. This indicated the diversion structure tailwater had a minor effect on
the large discharges and would not affect lower discharges.

Since elimination of the Comite River stage control structure was desired,
the levee and overflow spillway associated with this structure could also be
eliminated. Tests were conducted to determine the head loss through the levee
section. For the larger overbank discharges, the head loss was assumed to be
the difference in water-surface elevations upstream and downstream from the
levee. The water-surface measurements were made at the locations shown in
Plate 36. The results from these tests (Table 5) indicate that the difference in
water surface upstream and downstream from the levees is 1.30 ft with the
500-year frequency discharge.

Tests were then conducted to determine the effect of removing the levee on
the flow distribution with the type 1 diversion. Approximately 360 ft of the
levee was initially removed (Plate 37). The flow distributions with the 25- and
100-year frequency discharges were determined and are shown in Table 6.
Only a slight change in the distribution with the 100-year frequency flow was
observed, so the entire levee was removed from the model and flow distribu-
tions without the levee were determined. Results of the tests without the levee
are shown in Table 7. The flow distribution without the levee indicated that
for the 500-year frequency discharge of 56,200 cfs, 40 percent of the flow was
diverted through the diversion channel compared to 42 percent when the levee
was in place. Since this was only a very slight difference, the remaining tests
were conducted with the levee removed.

Type 2 Diversion

The tests with the type 1 diversion showed that more flow could be
diverted through the diversion channel by modifying this channel. The invert
width was increased from 120 ft to 130 ft and the invert elevation was lowered
from 71 to 65. These modifications, designated the type 2 diversion channel,
are shown in Plate 38 and Figure 6. The tailwater elevation for the diversion
structure had more effect on the flow distribution with the type 2 diversion
since the invert of the channel upstream from the structure was lower. The
diversion structure tailwater rating curve furnished by the New Orleans District
for previous tests was revised. This revised rating curve was developed from
more recent backwater profiles and was similar to the tailwater rating curve
furnished by the New Orleans District and shown in Plate 35 for discharges up
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a. Looking upstream

b. Close-up looking upstream

Figure 6. Type 2 diversion
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to 20,000 cfs. The revised rating curve shown in Plate 39 was used for the
type 2 diversion tests.

Tests were then conducted to determine the flow distribution with the
type 2 diversion. Tlhe flow distribution for a given inflow was determined
iteratively by setting the desired total inflow, the downstream stage on the
Comite River, and the tailwater elevation for the diversion structure. The
discharge on the Comite River downstream from the diversion was then deter-
mined. Based on the total inflow and the Comite River discharge downstream
from the diversion, the discharge through the diversion channel could be deter-
mined. The stage-discharge relationship for the Comite River and the taft-
water-discharge relationship for the diversion structure in the model were then
compared to the rating curves furnished by the New Orleans District (Plates 34
and 39, respectively). If the two stage and discharge readings did not match,
the downstream stage on the Comite River and/or the tailwater elevation for
the diversion structure were adjusted until they matched the rating curves. The
flow distributions determined from this procedure are shown in Table 8. The
flow distribution was slightly less than the desired Feasibility Analysis distri-
bution (Example: For the 100-year frequency event, 45 percent was diverted
compared to a desired diversion of 52 percent). The New Orleans District
reviewed the actual flow distributions and indicated that the differences
between the actual and desired flows did not change the projected benefits
from the Feasibility Analysis. As such, this design was considered acceptable,
and it was determined that the Comite River stage control structure and the
containment levee were not necessary, and the diversion structure could be
reduced significantly in size from that in the Feasibility Analysis.

Velocities were measured in the Comite River and in the type 2 diversion
channel for the 5- (16,200 cfs) and 100-year (45,800 cfs) frequency flows at
the locations shown in Plate 40. Velocities for the 5-year frequency flow are
shown in Plates 41 and 42 and the velocities for the 100-year frequency flow
are shown in Plates 43 and 44. The velocities in the Comite River upstream
from the diversion were higher for the 5-year frequency flow than for the
100-year frequency flow. This is seen by comparing velocities at location 1 in
Plates 41 and 43. The 5-year frequency flow is contained within the river-
banks, whereas considerable overbank flow exists for the 100-year frequency
flow.

The velocities for the 5-year frequency flow indicate channel protection is
needed upstream from the diversion at least to location 1. This same protec-
tion should also be used on the right bank of the Comite River for 200 ft
downstream from location 3. Velocities measured in the diversion channel
indicate the diversion channel between the entrance to the diversion and the
diversion structure should be protected. Bottom velocities measured down-
stream from the diversion structure (locations 7 and 8) were not excessive.
The highest bottom velocity downstream from the diversion structure was
measured at location 8 for the 100-year frequency flow and was 5.5 ft/sec
(location 7, Plate 44). Channel protection should be used for 400 ft
downstream from location 8. This would allow the unsymmetrical flows

claPer 3 Tein nd Rew 23



through the diversion structure to distribute more uniformly in the diversion
structure exit channel. Even though unsymmetrical flow conditions were
observed through the diversion structure, severe concentrated flows were not
present.

The final tests were conducted to determine the flow diversions for dis-
charges up to the 500-year frequency event with a lower tailwater on the diver-
sion structure. These conditions would occur if there were no tributary inflow
between the diversion structure and the DCSCS. The tailwater rating curve for
no tributary inflow is shown in Plate 39 along with the revised tailwater rating
curve used for the diversion structure. The results from these tests are shown
in Table 9. The lower tailwater caused more flow to be diverted for dis-
charges greater than the 2-year frequency event. The largest change occurred
with the 5-year frequency flow. The flow diverted increased from 50 to 58
percent. This increase is beneficial for this flow event since it is close to the
distribution desired if structures were used. The change in the amount of flow
diverted from the previous tests increased from 1 to 4 percent for discharges
between the 10- and 500-year frequency events.
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4 Summary and
Recommendations

Diversion Channel Stage Control Structure

Performance of the original design structure was unacceptable even with
low discharges. The performance became evm won with increasing di-
charges. Th sloping sidewalls and narrow bottom width caused the flow to
concentrate in the center of the basin and rdease high-velocity nonuniform
flow on the downstream channel. T1s combination would cause severe scour
in the downstream channel.

ie diversion channel stage control structur (DCSCS) and exit channed
downstream from the structure were redesigned. Vertical walls were added to
the spillway and stilling basin to guide flow into the spillway, reduce
contraction of flow at the abutments, and direct flow along the spillway and
stilling basin apron. The topography in the exit channel adjacent to the
spillway and stifling basin was modified to reduce the amount of flow
recirculating fiom the exit channel back into the stilling basin.

The type 2 DCSCS was an improvement ove the original design. Energy
dissipation in the basin was better and velocities near the bottom in the exit
channel were much lower than observed with the original design. However,
concentrated flows were still present in the downstream channel with some
discharges.

Performance of the type 2 DCSCS with the type 6 approach walls, type 3
spillway and stilling basin walls, and type 3 exit channel was considered
acceptable. Bottom velocities measured 250 ft downstream from the end of
the stilling basin were in excess of 9 fIVsec for the 50-year frequency flow.
The exit channel riprap should be designed to remain stable for this type of
flow. Flow in the exit channel was still not uniformly distributed. Adequate
channel protection designed for the velocities discussed in this report should
help prevent damaging scour.
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Comite River Diversion

The original Comite River diversion plan was to dive part of the flow
from the Comite River to the Mississippi River through a diversion channel by
controiling the stages on the Comite River with a control structure and levees
on the Comite River. However, initial tests in the model were conducted with-
out the Comite River control structure in place to determine the amount of
flow that could be diverted with natural stages on the Comite River. Through
a serie of tests, the geometry of the entrance to the diversion channel and the
diversion channel geometry were modified to produce the desired flow distri-
bution without the stage control structure and levees in place, thus eliminating
these costly structures.

Table 10 summarizes the results determined for the type I and 2 diversions
along with the original diversion desired using control structures on the Comite
River and the diversion channel. Ie type 1 design geometry did not include
structures on the Comite River and diversion channel as originally planned and
should not have been expected to give the desired distributions. It was
modeled to determine the type channel modifications that could be made to
give the desired diversions.

The type 2 diversion was within 7 percent of the desired distributions for
flows greater than and equal to the 2-year frequency events. Since the actual
flow distribution determining the model will provide the benefits desired by
the New Orleans District, the type 2 diversion became the recommended
design. Again, this has the added benefit of eliminating the need for a stage
control structure on the Comite River, the levees associated with this structure,
and an elevated weir at the diversion structume. Channel invert and side slope
protection was recommended for approximately 50 ft upstream from the
diversion and 200 ft downstream from the diversion. The diversion channel
from the diversion to approximately 900 ft downstream from the beginning of
the diversion channel invert transition should also be protected. The velocities
provided in this report should be used to help design the type protection
required.
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Table 1
DeOed Flow DisUhon With Strucuree

Div N Ib w Cowd _ _

EW.w Disehurg TOlWbeb Ow Teale
Yew ae do U do U

1 _6,50 4.450 67.5 2.400 48.7

2 10,700 6,150 70.5 4,550 O.6

5 1600 9,300 74.0 6.00 72.5

10 22,100 12,700 76.7 9.400 74.7

2 2.400 16,600 60.3 11 .0 76.7

so 37,500 20,800 82.7 16,700 80.1

100 45,600 23,800 84.2 21,80 62.2

200 50,300 24.900 64.7 25,700 83.3

50 56,200 25.800 85.0 30.400 64.0

NotA: Comb Rivr at"* on~ol euche we* area eW M W 77.2.
Diverulon ducur wok are elevdon is 76.0.

Table 2
Flow Distribution Without Structures for Varying Stages on the
Comite River

Comm e

Mvwesion Chan"e
kdow s DbW IW
do Cfa Downeoum ___e do

10,750 8,250 75.7 2500

10.750 6,600 77.2 4.150

16,200 15,400 72.5 600

16,650 13,930 76.5 2,720

16.650 13,210 77.2 3.440

22,100 19,730 74.0 2370

22,100 18.500 75.0 3,540

22,100 17,840 76.0 4,280

2,400 23,480 76.0 4,050

2B,400 22.750 77.0 5,650

23,400 20,M0 78.0 7,710

NoW Invet develon of apsoach charnel I divrsion channe i 71.0.
Overdon channel tUMloabr eledaln wm below 71.0.
CaMb wivr downstem sage meeured 1,240 ft from diverson.



Table 3
Flow Distribution Without Structures, No Tailwater Effect on
Dlversion Channel, and Plate 34 Rating Curve Upstream from
Diversion

Comb lw
Commv Over

rINVCel

Ev, niow afotp gw, g d
Year @6 .9 Stg @6

S6,870 6.330 73.3 540

2 10.700 6600 77.2 4,150

5 16.200 5,350 81.0 106850

10 22,100 7,475 63.6 14,625

25 20,400 7,745 85.0 20.656

50 37.500 11.760 86.2 25,740

100 45,800 16.290 67.1 29,510

- 48,500 19,140 67.6 29,360

Nob: Invrt We ion of asch channel In diverdn chennel Is 71.0.
Dverdon dwnnel tailwafr elevaeon wes below 71.0.

Table 4
Flow Distribution Without Structures, No Tailwater Effect on
Diversion Channel, and Plate 34 Rating Curve Downstream from
Diversion

Comb River J DtsV m of Flow, aft

EveIn Inlow Upe&MM Downsieas DiverslonYewr Cft INWI) SMg9 COMlIlM PJW srcI

5 16,200 77.8 77.6 11,600 4,600

10 22,100 79.9 79.7 14,360 7,740

25 28.400 61.7 81.2 16,560 11.840

50 37,500 83.6 83.1 20,660 16.840

100 46,800 65.0 84.3 25,000 20,80

200 50,300 8.5 84.8 28.160 22,120

500 56,20 66.2 865.5 32,340 23,0

Nole: Invert elvdon of a oa channel lo dversion dwml I 71.0.
Diversion dcint telawi eievedon was below 71.0.
Cormn.l Rve upea iqe measure 00 ft upelem from .version.

2 liver dou em oage mmared 1,240 ft downirem from diverson.



Table 5
Head Loss Across Levee Without Structures

ftequanY EVent kblow Elevaton Upebem and
Yew eaw Dewneeems of Levee, fe

10 22.100 0.62

25 20,400 0.64

50 37.500 1.06

100 45.80 1.23

500 56,200 1.30

Nole: 1n~r elevation of approach channel tlo divrsonm channel is71.0.
Diversio channel tallwtsr elevedon was below 71.0.

Plato 34 rating airy ueed.
Camls Riwr upew slag. measured 800 ft %poiemn Irorn diversion midf downaa'em

slage meaed 1,240 ft tinaehmin krm divesion.

Table 6
Flow Distribution with Type I Diversion, 360 ft of Comite River
Levee Removed

Distribuil of Flow
COMbNs Rver doa

Evet Inow UpaSee. Downeeam Comlle Diveson
Yew ea' StageW USag Rive IbSNUen

25 28,400 81.3 61.2 16.700 11,700

100 456800 84.5 64.3 25,910 19.690

Noae: Invert elevation of approach channel to divesio channvel Is 71.0.
Diversion channel taliwaler elevation was below 71.0.

PAto 34 ratin cwo used downatream of diversion.
Comis Rive upatemn atage measure 600 ft upabearn from divereion.
Cob Rive downatreem apg meaured 1.240 ft downsbeun from diverson.



Table?7
low Diabbuilon with Type I D~version, Enre Comifte ;RiverwLeft Bank Levee Removed

cONNIN invr usaw~ of Flow, ot

-l - -" - - -bd

25 2.400 61.3 61.2 16,700 11.700

50 37.50 83.3 63.1 21.440 16.00

100 46.80 64.4 64.3 23.150 19.65

200 50.300 84.9 84.6 2,00 20.690

500 to,=0 65. 605.5 33W.76 3.42

No I." liweuldwo of approach dhanne fm divarsion W Isrell 71.0.
Okverson channeltollears eleeto wabeow 71.0.

1Pi5g 34 rdng cuoa used.
2 Comb aver Upaem @Mge measure 600 ft ietm tam divesion.
3 Comb ever dmne~eoteg M easted 140 downakn tam d6Wiveso.

Table 8
Plow Distribution w~th Type 2 DiversIon Channel

I jC CmI bf ver Diverson Shusftwe

Even hifnow Dcom~m kup Dischar Teiwater

____ 6.650 70.4 3,350 3500 64A8

2 10.700 72.0 5.=0 5,40 67.0

5 16=20 74.1 6,050 6.150 73.4

10 =3.10 77.9 10,600 11.500 77.0

25 20,400 80.2 13,900 14,500 79.3

50 37,500 83.4 18.300 19,200 62.2

100 45.800 84.6 25.10D 20.700 83.8

200 50,300 65.5 27.90 22,400 84.4

500 56.2W0 E6331. 25.000 65.3

Notir Plow durbAIo wih Mwp 2 dversion chae adn huiny Sow downirsam tom
dhw~o suck"s.



Tbe 9
Flow Diafribuilon with Typo 2 DMvelson Chanel oi No
Tributary h-flow Downefream krm Diveson Shturew

hebwrn Sur

bM - MO Du..m DIobing Dihshug Tmas

1_ __ 6.650 70.4 330 3J500 64.6

2 10.700 72.0 SA35 635 67.0

5 16,20 73. 7.000 6M 72.3

10 22.100 77.3 660 12,30 76.3

as 25.40 76.3 12.85 15A45 77.2

50 37.500 61.4 M725 20A25 60.7

100 45.0 82.3 23,750 22,05 82.0

200 50.30 64.2 27,30 23M0 62.

500 uN 663 M0W0 25.650 64.2

Nbiw luwt dramno op qmad A m In A, - t ridm- Is5.0.
Oowi, w ri dm am digs 1es 1.240 f downu-sfm e s dwdo.



TiblO 10
Flow Distribution for Differnnt Designs

vow aft Doeig rawet TV"eDp TV"eDp

1 650 0.0 - 0.1 0.51

2 10,700 0.57 - 0.50 0.50

5 16,200 0.57 0.28 0.50 0.56

10 22,100 0.57 0.35 0.52 0.56

25 2,40 0.50 0.42 0.51 0.54

50 37.500 0.55 0.45 0.51 0.54

100 45.00 0.52 0.45 0.45 0.48

200 50,300 0.46 0.44 0.45 0.46

500 5,200 0.46 0.42 0.44 0.46

Naw. Dklbjdio wvh origina deign sere computed with *uckmes In ploce Ad not model
tnded.

-d. dersin chn low.
q - bwimm.
No totweir -leet on diversion etcure and invwt eleiom of approach dne Ino

diwvron tucke is 71.0.
2 Wger evAo of app ch hwmel to dweieon auclure is 65.0 d revised bktw

curve used to deemne delibu ion.
3 RedW and lowred t@w#ar curve used to debanm dislrbulon. No fbtuy I iow

downeem from ivrion tucke.



ailwater el 41.5

b. Tailwater el 47.0

Photo 1. Surface flow patterns, original design DCSCS, discharge 6,150 cfs



a. Tailwater el 45.8

b. Tailwater el 50.8

Photo 2. Surface flow patterns, original design DCSCS, discharge 12,700 cfs



I

a. Tailwater el 52.0

b. Tailwater el 56.3

Photo 3. Surface flow patterns, original design DCSCS, discharge 25,800 cfs



a.~~~1 %alae l4.

. Tailwater el 47.0

Photo 4. Surface flow patterns, type 2 DCSCS, discharge 7,890 cfs



a. Tailwater el 47.0

b. Tailwater el 52.0

Photo 5. Surface flow patterns, type 2 DCSCS, discharge 14,500 cts



a. Taiwater NO52.

b. Tailwater el 57.5

Photo 6. Surface flow patterns, type 2 DOSOS, discharge 33,400 cfs



a. ailate el52.

b. Tailwater el 52.5

Photo 7. Surface flow patterns, type 2 DCSCS with type 3 weir,
discharge 33,400 cfs



a. Tailwater el 42.0

b. Tailwater el 47.0

Photo 8. Surface flow patterns, final design [r ISCS, discharge 7,890 cfs



a. Tailwater el 47.0

b. Tailwater el 52.0

Photo 9. Surface flow patterns, final design DCSCS, discharge 14,500 cfs



a. Tailwater el 51.5

b. Tailwater el 56.5

Photo 10. Surface flow patterns, final design DCSCS, discharge 28,400 cfs
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